Experimental
Standard UV-vis experiment. The UV-vis setup was assembled as described earlier. 1 The glass UV-chamber, containing a stirrer bar and a fibre optics probe for measuring UVvis data, was deoxygenated by at least three alternating cycles of argon and vacuum purges.
All solvents used for either UV-vis or XAS experiments were distilled under nitrogen and transferred to the UV-vis chamber under either nitrogen or argon. For a standard UV-vis experiment, 20 mL of a solution of the complex to be measured was prepared in a Schlenk flask of 50 mL. This solution was subsequently introduced in the UV-vis chamber under Schlenk conditions. UV-vis scans were collected, using the fibre optics probe coupled to the UV-vis spectrometer, between 900 nm and 290 nm with a scan speed of 4800 nm per min.
After recording an initial spectrum at room temperature, the solution of the copper complex of a receptor was cooled to -78 °C (over a time of 1.5 h) using a closed cycle cryostat. Then, dioxygen was introduced through a needle in a septum and bubbled slowly through the cooled solution of the sample. The dioxygen uptake by the complex to be measured was followed in time, using cycle mode UV-vis spectroscopy taking 30 scans, which started 1 minute apart. After the uptake of dioxygen was completed, as determined by no further changes in the spectra, the flow of dioxygen was stopped. The oxygenated sample solution was then allowed to slowly warm up to room temperature. During the step of warming up, another cycle of UV-vis spectra can be recorded to study the temperature dependence of the sample solution, while monitoring the internal temperature of the solution.
Preparation of XAS samples with the new type of XAS cell. The central part, viz. the sample chamber with windows, of a new type of XAS cell was assembled as described earlier. 1 The UV-vis setup was assembled and deoxygenated as described above.
Subsequently, a sample solution was prepared and a room temperature scan of the deoxy complex was recorded as described above. Then, to prepare a deoxy XAS sample, the fibre optics probe was removed from the glass UV-vis chamber and in its place the central part of a XAS cell was introduced through its inlet, while the XAS cell was connected via one of its filling inlets to a Hamilton syringe of 100 µL by means of a Teflon connector. The plunger of the syringe was then slowly lifted, thereby creating a vacuum within the XAS cell, allowing the sample chamber to be filled through a second filling inlet. After the XAS cell had been completely filled, the filling inlets were closed using Teflon caps and the XAS cell was frozen in liquid nitrogen until the XAS measurements were performed. To prepare an oxy sample, the fibre optics probe was replaced in the glass UV-vis chamber, after which the solution was cooled to -78°C, while stirring. Then, dioxygen was introduced as described above, while monitoring the oxygenation by UV-vis. After the flow of dioxygen was stopped, the fibre optics probe was removed again and a XAS cell was filled at -78 °C and frozen using the same procedure as described above. Subsequently, the thus prepared XAS cells were attached to the cell holders under liquid nitrogen, stored in a filled Dewar vessel with liquid nitrogen for transportation, and mounted on the cryostat of the spectrometer under liquid nitrogen.
Preparation of XAS samples with the old type of XAS cell. In line with earlier work 2 we initially used a very simple XAS cell, consisting of an aluminium body (29x24x1mm) with a rectangular aperture (15x10 mm), forming the sample chamber (150 µL). Two rectangular pieces (windows) of Kapton (polyimide film) (24x18 mm) were glued on both sides of the cell surrounding the aperture using cyanoacrylate glue (Permacol). Two radial perforations were provided through which the cell could subsequently be filled with a (cooled) solution of the sample. These perforation were then sealed by a small drop of glue (two-component UHU plus Schnellfest), after which the samples were rapidly frozen in liquid nitrogen to prevent leakages. They were stored in a filled Dewar vessel for transportation. Oxygenated samples were prepared by bubbling dioxygen through a dry ice cooled cell, filled as described above, for 30 seconds, after which it was closed with glue and frozen as mentioned above.
Standard XAS experiments.
All experiments reported here were carried out at the was equipped with a Si(111) double crystal monochromator (set to 50% of peak intensity to suppress harmonics), 3 a focusing mirror, a CANBERRA 13 element solid-state fluorescence detector, and an energy calibration device. 4 It was necessary to decrease the opening of the lateral slit to reduce contamination of the signal with Cu-contribution, which most likely arose from contaminants in the stainless steel of the cell.
Data reduction and simulation of the EXAFS spectra. Data reduction was carried out at the EMBL Outstation using the EMBL data reduction package, 5 including the energy calibration programmes CALIB and ROTAX, the averaging programme AVERAGE, and the background subtraction programme REMOVE. Simulations were carried out on the UNIX computer BUTTHEAD at the EMBL Outstation, using the programme EXCURV98
developed at the CLRC Daresbury Laboratory. 6, 7 Phase shifts were calculated with EXCURV98 in the default (Hedin-Lundqvist/von Barth) settings. Multiple scattering effects within the pyridine rings and the Cu 2 O 2 unit were calculated in the default (small atom approach) settings. 8 In the refinement of the simulations, restraints 9 based on the geometry of the pyridine unit 12 were applied, and the Debye-Waller type factors of equivalent atoms in the multiple scattering units, such as C2 and C3, and C4 and C5 in the pyridine ring and the oxygens in the Cu 2 O 2 unit, were kept at identical values. In the case of the Cu 2 O 2 unit, a series of simulations were refined from starting points in which the geometry was varied from a flat diamond structure to a bent butterfly with a dihedral angle of 90°. The retention time of the compounds were: S-limonene (2.78 min), R-limonene (3.05 min), cis-oxide (6.9 min), and trans-oxide (7.1 min). The solvent used was acetone. After warm-up the reaction mixture was passed over a small column of activated alumina (III), which was rinsed with several column vol. of acetone. The resulting solution was injected on GC to determine which products were formed.
Epoxidation experiments using Fe complexes.
These experiments were carried out according to a literature procedure. 10 A Fe(II) complex was prepared in situ by preparing a solution of receptor 2 (0.44 mM) and Fe(ClO4) 2 (0.88 mM) in 2 mL of acetone. To this were added 1000 equiv. of cyclooctene and 500 equiv. of bromobenzene as an internal standard. After stirring under nitrogen in an ice bath for a few minutes, 50 equiv. of hydrogen peroxide were added. After four hours, the reaction was stopped by passing the reaction mixture over a short (1 cm) silica column, which was rinsed with 4 x 1.5 mL of diethyl ether/EtOH (9:1). The resulting solution was concentrated to 2 mL by a nitrogen flow and the products were analysed on GC 3 with a temperature program of 100 (5) 
Epoxidation experiments using Mn complexes.
These experiments were carried out according to a literature procedure. 11 A Mn(III) complex was prepared in situ by mixing 1 or 2 equiv. of Mn(OAc) 3 ·2H 2 O with 1 equiv. of receptor 1 in 2 mL of acetone. To this were added 1000 equiv. of cyclooctene and 500 equiv. of bromobenzene as an internal standard. After stirring under nitrogen in an ice bath for a few minutes, 8000 equiv. of hydrogen peroxide were added.
After four hours, the reaction was stopped by passing the reaction mixture over a short (1 cm) silica column, which was rinsed with 4 x 1.5 mL of diethyl ether/MeOH (9:1). The resulting solution was concentrated to 2 mL by a nitrogen flow and the products were analysed on GC 3 with a temperature program of 100 (5) 
Alcohol oxidation.
The experiments were carried out according to a literature procedure, in both acetone and dichloromethane. 2 O 2 -urea adduct) were added. After stirring for 2 hrs an aliquot (of reaction mixture) was taken and in the case of benzyl alcohol and p-methylbenzyl alcohol this was passed over a small (1 cm) silica column. In the case of 3,5-dihydroxybenzyl alcohol, 1 mL of diethyl ether and circa 300 µL of MSTFA were added to the aliquot, and after standing for 5 minutes the reaction mixture was passed over a small (1 cm) silica column. All columns were rinsed with 4 x 1.5 mL diethyl ether/MeOH (9:1 v/v). The resulting solutions were concentrated under a nitrogen flow to 2 mL and analysed by GC 4 An additional 5000 equiv. of hydrogen peroxide (urea adduct) were added to the reaction mixture and the reaction was stopped after 4 hrs. The work up and analysis were repeated Table S1 ) of Cu(I) complexes. A, 1a in acetone (Table S1 , entry 1); B, 1a
in THF/acetonitrile (70/30) ( Table S1 , entry 2); C, 2a in acetone (Table S1 , entry 3). Table S2 ) of oxygenated Cu(I) complexes. A, 1mM 1b in acetone (Table   S2 , entry 1); B, dilute 1b in acetone (Table S2 , entry 2); C, 1b in THF/acetonitrile (70/30) (Table S2 , entry 3); D, 2b in acetone (Table S2 , entry 4). Table S2 , entry 1; dashed, Cu-Cu contribution to simulation) of oxygenated 1b in acetone. 
